The association patterns and ecology of sea turtle epibionts, and especially obligate epibionts, are still poorly known. Epibiont communities were investigated in the central Mediterranean Sea in relation to the host habitat and seven species of barnacles, three amphipods, one crab, and one tanaid were found on 117 loggerhead sea turtles, Caretta caretta. Particular attention was given to barnacles, some of them being obligate turtle epibionts, with a total of 3330 individuals examined, among which high intraspecific aggregation was observed. Results indicate that (i) the species composition of barnacles varies among turtles frequenting not only different geographic areas but also different habitats in the same area, (ii) different species have marked preferences for hosts frequenting pelagic vs. benthic habitats, and also (iii) for body parts of the host representing microhabitats with different features and trophic opportunities, (iv) settlement is favoured by the presence of conspecific individuals and possibly also (v) by individuals of related species, notably Chelonibia testudinaria that may act as a pioneer species, and finally (vi) barnacles show rapid turnover on turtles, with relatively short lives, rapid growth, and high juvenile mortality.
muricata Fischer, 1886, and Stomatolepas pilsbryi Frick, Zardus & Lazo-Wasem, 2010 (cf. Monroe & Limpus, 1979 Epibiont Research Cooperative, 2007; Frick et al., 2010a Frick et al., , 2011 . However, any epibiont protruding from the body surface creates noticeable hydrodynamic drag on host turtles, especially if the epibionts are large or numerous (Bjorndal & Jackson, 2003) . Cases of very heavy epibiont loads occur where turtles are entirely covered by barnacles and the host turtle's movement and foraging ability are seriously impeded or compromised (e.g., Affronte & Scaravelli, 2001) . As a result, barnacle load or density are often viewed with respect to the health of the host turtle (Deem et al., 2009; Flint et al., 2010) .
It is unclear if large barnacle aggregations that occur on some sick or debilitated sea turtles are responsible for the ultimate demise of their host; however, recent evidence suggests that such turtles are often immuno-suppressed and lethargic via other factors prior to the mass-colonization of epibiotic barnacles (Deem et al., 2009) . Healthy turtles regularly participate in symbiotic cleaning associations with fishes, crabs, and shrimps (Davenport, 1992; Losey et al., 1994; Dellinger et al., 1997; Frick et al., 2000 Frick et al., , 2004 Sazima et al., 2010) and scrape away epibiota on hard, submerged structures and substrates (Frick & McFall, 2007) . Such behaviour undoubtedly aids in controlling epibiont growth (Schofield et al., 2006) . Wideranging, seasonal migrations by healthy turtles may also affect the structure of the epibiotic community (Reich et al., 2010) .
The Mediterranean Sea is frequented by three species of sea turtles: the leatherback turtle, Dermochelys coriacea (Vandelli, 1761) , the green turtle, Chelonia mydas (Linnaeus, 1758) , and the loggerhead turtle, Caretta caretta (Linnaeus, 1758) . To date, much of the information about Mediterranean sea turtle epibionts comes from studies conducted on loggerheads and green turtles (Gramentz, 1988; Laurent, 1988; Kitsos et al., 2003; Casale et al., 2004; Kitsos et al., 2005; Fuller et al., 2010; Zakhama-Sraieb et al., 2010) because of the low occurrence of leatherbacks in the basin . The above studies primarily reported the epibionts from nesting females in Cyprus, stranded individuals in northern Greece, and turtles captured by pelagic longline hooks in the open sea in the Sicily Channel.
This present study examines the occurrence of epibionts on loggerhead turtles frequenting neritic and oceanic foraging grounds in the central Mediterranean Sea. We compare turtle epibiont community composition to the marine habitat associated with host turtles. Our study includes the largest sample size and the widest size range reported for loggerheads in the Mediterranean thus far.
MATERIAL AND METHODS
Loggerheads were sampled for epibionts during the summers of 2008 and 2009 at the WWF Italy turtle centre in Lampedusa (Italy) (42°40 N 16°50 E).
Only turtles with epibionts were considered in this study. Turtles were collected while floating at sea (N = 48) or landed by fishermen after incidental capture by bottom longline (N = 4), bottom trawling (N = 18), set net (N = 2), or drifting longline (N = 45). The curved carapace length notch-to-tip (CCLn-t) (Bolten, 1999) of turtles was measured. The epibionts were photographed, counted (except for amphipods and tanaids for which a sub-sample was taken), identified, removed, and preserved. Diameters of individual Chelonibia barnacles were measured with callipers to the nearest 0.1 mm.
The degree of intraspecific aggregation was measured in the total sample of 117 turtles by the J index (Sevenster & Van Alphen, 1996; Hayashi & Tsuji, 2008) :
where e i is a proxy of the body surface of turtle i, quantified by the square CCL, N is the total number of individual epibionts, and n i is the number of individual epibionts found on turtle i. Values of J > 0 indicate an aggregated distribution, J < 0 a uniform distribution, while J = 0 indicates a random distribution. The jackknife method was used to estimate SE and the statistical significance of the deviation from independence was tested with a t-test. The location of the epibionts on the turtle's body was recorded according to a body map with 65 zones: 40 scutes on the carapace (nuchal, neural, and left and right marginal and costal scutes), 14 scutes on the plastron (left and right gular, humeral, pectoral, abdominal, femoral, anal scutes, and left and right inframarginal scutes, as a whole), head, neck, tail, and eight proximal and distal parts of the limbs.
RESULTS
Loggerhead turtles, Caretta caretta, ranged from 21 to 78.6 cm CCL (mean: 51.1; sd: 13.0; N = 117) and, depending on the way of collecting, they ranged between 21 and 70.6 cm (floating at sea; N = 48), 28.2-62.2 cm (bottom longline; N = 4), 42.9-78.6 cm (bottom trawling; N = 18), 53.4-69.4 cm (set net; N = 2), and 33-73 cm (drifting longline; N = 45). They can be assumed to be mostly juveniles, since Mediterranean loggerhead turtles generally mature at a size larger than 70 cm CCL (Margaritoulis et al., 2003; Casale et al., 2005) .
The observed epibionts ( species of tanaid (Hexapleomera robusta (Moore, 1894)) were observed. The amphipod species are combined in the following analyses. The two lepadomorph barnacles (Lepas anatifera Linnaeus, 1767 and Conchoderma virgatum (Spengler, 1790)) had the highest occurrence in terms of the number of turtles on which they were present and the highest number of individuals (table I) .
The distribution of all species of epibionts as calculated by the J index was significantly aggregated (P < 0.001) (table I). Chelonibia caretta (Spengler, 1790) and Conchoderma virgatum showed the most aggregated distribution, while the least aggregated distribution was observed in Chelonibia testudinaria (Linnaeus, 1758) , Lepas anatifera, and Planes minutus (Linnaeus, 1758) (table I) .
Among turtles carrying a certain epibiont species, the occurrence of two or more individuals of that species was at least 50% for all barnacles and from 75 to 100% for species other than Platylepas sp. (table I) . Turtle size (CCL) and number of individuals of the epibiont were not correlated in four species with adequate sample size: Chelonibia testudinaria (Spearman rank correlation test, R = −0.21, ns; N = 25), Stephanolepas muricata (Spearman rank correlation test, R = −0.58, ns; N = 11), Stomatolepas elegans (Costa, 1883) (Spearman rank correlation test, R = −0.14, ns; N = 12), Lepas anatifera (Spearman rank correlation test, R = −0.08, ns; N = 72), and Conchoderma virgatum (Spearman rank correlation test, R = −0.2, ns; N = 35).
Most Chelonibia spp. as well as Stomatolepas and Stephanolepas were observed on turtles captured by fishing gear used on the bottom of relatively shallow waters (bottom trawl, bottom longline, set nets), while an opposite relationship was observed for the other species of epibionts. Chelonibia caretta (on four turtles), Stephanolepas muricata (on 12 turtles), and Stomatolepas elegans (on 12 turtles) were always associated with Chelonibia testudinaria, showing a significant relationship (all the three pairwise comparisons: Fisher exact test, P < 0.01; N = 117).
The diameter of Chelonibia testudinaria ranged from 9.5 to 53.7 mm (mean: 28.4; sd: 10.1; N = 117) and that of Chelonibia caretta from 10.0 to 30.0 mm (mean: 22.8; sd: 5.1; N = 29) ( fig. 1) . No correlation was found between turtle size (CCL) and the mean diameter of Chelonibia testudinaria (Spearman rank correlation test; R = 0.19, ns; N = 25).
Planes minutus was found in its typical position on host turtles (Dellinger et al., 1997) : in the "pocket" located atop the hind limbs and between the carapace and tail. The relative occurrence of amphipods, algae, and seven barnacle species on 65 body zones is shown in fig. 2 . Chelonibia spp. occurred mostly on the anterior part of the carapace; Platylepas sp. on the head, limbs and plastron; Stomatolepas elegans on the ventral side of the neck and axillary regions; Stephanolepas muricata on the forelimbs; Lepas anatifera on the posterior-marginal part of the carapace; Conchoderma virgatum on the forelimbs and dorsal and ventral sides of the neck and axillary regions. Algae were located on the dorsal surface of the host turtles, especially on the carapace. Amphipods always occurred on the carapace region of the host turtles.
DISCUSSION
The highest numbers of species of barnacles and of representatives of other epibiont taxa on turtles in the Mediterranean were reported from stranded turtles in the northern Aegean Sea (Kitsos et al., 2003 (Kitsos et al., , 2005 (table II) . Because the aforementioned studies primarily examined dead turtles that had washed ashore, it is possible that their results do not accurately reflect the epibiont communities occurring on healthy turtles in this region. It is possible that pre-mortem illness, and resulting behavioural changes, may lead to the recruitment of species or densities not occurring on healthy, active turtles. A study from the Atlantic observed that stranded turtles had a worse health status and significantly higher epibiont loads than nesting or foraging turtles (Deem et al., 2009 ). On the other hand, some epibiont species might suffer from their basibiont becoming moribund or dead, and eventually die and be lost. These arguments suggest that caution is needed in epibiont studies, and basibiont individuals should be included only if they can be regarded as representative of normal conditions.
The two lepadomorph barnacles (Lepas anatifera and Conchoderma virgatum) and two balanomorph barnacles Platylepas spp. are mainly associated with turtles frequenting epipelagic habitats and gathered at sea or caught by pelagic longlines, while the other four balanomorph barnacles (Chelonibia spp. and Stomatolepas elegans and Stephanolepas muricata) are mainly associated with turtles frequenting benthic habitats and caught by demersal fishing gears. Such a tendency of turtle epibionts to occur on turtles frequenting specific habitats is directly or indirectly supported by previous studies, as follows. Higher occurrence of Chelonibia testudinaria on turtles frequenting benthic habitats on the continental shelves, where turtle density is higher, was previously suggested (Casale et al., 2004) . Higher occurrence on resident turtles, assumed to frequent benthic habitats, than on migrating turtles, assumed to frequent epipelagic habitats, was observed in the western Atlantic (Stamper et al., 2005) . The different occurrence of another turtle barnacle (Cylindrolepas sinica Ren, 1980) among turtle species in Japan was also explained by a different habitat: the barnacle is found on green and hawksbill turtles frequenting neritic areas but not on loggerhead turtles mainly frequenting oceanic areas (Hayashi, 2009) . A higher variety of barnacle species was observed in the present study than in the other two studies with comparable sample size, and on live, non-stranded turtles. The first study (Fuller et al., 2010) was based on female turtles nesting in Cyprus and only three barnacle species were reported there (table II). While the fewer lepadomorph barnacles observed in Cyprus may be due to the fact that adult turtles frequent mainly benthic habitats, the lack of Stomatolepas elegans and Stephanolepas muricata, that were found on benthic turtles in the present study, may suggest a geographical difference in the occurrence of these barnacles within the Mediterranean. A second study (Gramentz, 1988) , in the central Mediterranean, also reported fewer species (table II) , and most species (Lepas spp., Conchoderma virgatum and Platylepas sp.) were species associated with pelagic turtles, according to our results. Accordingly, these turtles were caught by pelagic longline. The observed distribution of epibiont species on the turtle's body was not uniform ( fig. 2) , as reported by other studies (Caine, 1986; Gramentz, 1988; Kitsos et al., 2005; Pfaller et al., 2006) . In particular, Platylepas sp. is found more on limbs and plastron then on carapace ( fig. 2g, h ). Lepas anatifera tends to attach to the posterior part of the body ( fig. 2f) , while Chelonibia spp. (fig. 2c, d ), Stomatolepas elegans ( fig. 2i), Stephanolepas muricata (fig. 2j) , and Conchoderma virgatum ( fig. 2e ) tend to place themselves on the anterior part of the body, and the latter two groups are mainly found on limbs. These species-specific locations suggest a niche partitioning and also suggest that they represent the best position for the different needs of barnacle species rather just opportunistic settling by the barnacle larvae. For instance, those epibionts on the anterior part of the body may benefit from stronger water flow and suspension feed therein (Frick et al., 2011) . Stephanolepas muricata, deeply embedded in the body, can resist the strong currents around the forelimbs due to the powerful flipper strokes. This position is clearly more problematic that other anterior zones with similar access to suspension food and should have some additional advantage. A recent study (Frick et al., 2011) observed that Stephanolepas muricata probably feeds on pieces of prey masticated by the turtles, in addition to planktonic organisms. If this represents an important source of food for these barnacle species, it could explain their position on the leading edge of the forelimbs: this is the part of the turtle's body that can be closest to the mouth, especially when the turtle uses its forelimbs to manipulate the food (Davenport & Clough, 1985; Houghton et al., 2000) .
The capacity of the larvae to choose a position and to attach even at highly dynamic sites is remarkable. However, in the case of Chelonibia testudinaria a better position closer to the front of the carapace can be also attained subsequently, because these barnacles are capable of directional movements (Moriarty et al., 2008) . This is an additional indication that the anterior position is optimal for these species.
In the present study, in most cases two or more individuals of the same epibiont species occurred on the same turtle and the J index indicates an aggregated pattern. This suggests that attachment of a cyprid larva on a turtle that already carries one individual does not occur simply by chance. Like most crustaceans, barnacles reproduce by copulation but they have the unique feature of being sessile. Although barnacles evolved hermaphroditism to increase the opportunities of copulation (Kelly & Sanford, 2010) , at least two individuals are needed on the same turtle and also at a short distance. Therefore, intraspecific chemical communication to attract other individuals would be a clear advantage. Pheromones with this role are known in other barnacle species (Dreanno et al., 2007) so it is likely that epibiont barnacles, in addition to chemical cues to find their basibiont (Nogata & Matsumura, 2006) , also produce, and are attracted, by gregariousness promoting pheromones. This would also partly explain why no relation between turtle size and number of individuals was observed in the present study: the cyprid would be attracted by pheromones from its conspecifics, independent of turtle size.
The lack of relation between turtle size and number of individuals also implies that the number of individuals is not a function of the age of the turtle. In other words, colonization and mortality rates should be similar, with rapid growth and short life. This is further supported by the size data of Chelonibia testudinaria. In this species, no relation was observed between barnacle size and turtle size, implying short life and rapid growth of the barnacle in comparison to its host. Accordingly, the size frequency distribution ( fig. 1) indicates an increased mortality above 30 mm of basal diameter. Turtle moulting can limit the life duration of sessile epibionts, at least in some species. In addition, turtles can remove sessile epibionts actively by "self-grooming" (Frick & McFall, 2007) . A high turnover with relatively short life-span implies that the epibiont community depends on the recent habitats and areas frequented by the host, rather than on previous ones. This explains the reported differences among areas, in spite of the wide movements of turtles throughout the Mediterranean (Casale et al., 2007) and the multiple origin of the turtles frequenting the study area (Casale et al., 2008) .
Chelonibia testudinaria seems to suffer high mortality when small, and mortality decreases as the barnacle grows. This is suggested both by the size frequency distribution ( fig. 1 ) and by the lack of observed individuals of less than 9.5 mm, while the cyprid larva settles at a size of about 0.6 mm (Zardus & Balazs, 2007) . It should be taken into account that this study was carried out in the summer, thus a smaller barnacle size due to settlement in other seasons cannot be excluded. Mortality of small barnacles could be due to predation, possibly by motile epibionts. For instance, the crab Planes minutus is known to prey upon other sea turtle epibionts (Davenport, 1994; Frick et al., 2000 Frick et al., , 2004 . However, this crab can easily be lost during incidental capture of the turtle, and when the turtle is onboard, so its occurrence was probably under-observed, which prevented any meaningful analysis of this species.
The long-time evolution of turtle barnacles, competition among species and consequent specializations, and perhaps co-evolution of turtles in response, have produced fine adaptations that have just begun to be unveiled. Barnacle settling, feeding, growth, and reproduction are linked to turtle behaviour and ecology, and all these aspects need to be investigated further in order to understand barnacle population dynamics. This will also allow scientists to understand possible density effects in these obligate epibionts, as well as how the decrease of turtle populations can affect them. Although they are not listed in the Red List of Threatened Species (IUCN, 2011), sea turtles are listed, and the obligate epibionts of sea turtles are obviously at risk, too, while already some obligate epibiont species (i.e., Cylindrolepas darwiniana Pilsbry, 1916) are now proven to be relatively rare (Frick & Zardus, 2010) . Unfortunately, the high conservation concern for the charismatic sea turtles is not shared by the less popular barnacles. Moreover, turtle researchers, conservationists, and vets commonly "clean" (i.e., fully remove epibionts) the sea turtles they handle, but this practice is not currently advised due to conservation concerns on epibionts, and should be done only whenever absolutely necessary, or only with the purpose of alleviating density effects on the host.
